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1 Statement of the problem studied and Sig-ni�aneThis proposal onerns development, analysis, implementation, and appli-ations of eÆient and aurate numerial methods for interfae problems,espeially with moving interfae and/or free boundary problems, and prob-lems de�ned on irregular and in�nite domains. Spei�ally, we will developnumerial methods for fully elasti systems with omposites and material in-terfaes, fully transient simulations of two phase ows, e.g., droplets deforma-tion and breakups in shear ows of immisible uids, and eletro-magnetis,elasti wave propagation in heterogeneous media.2 Summary of the most important results� We have developed a fast iterative solver for sattering by elasti objetsin layered media.� We have nie onvergene analysis of the primal-dual ative set strategyfor diagonally dominant systems.� We have developed a preonditioned iterative methods on sparse sub-spaes.� We have developed new immersed �nite-element methods for elliptiand elasti interfae problems with homogeneous and non-homogeneousjump onditions [2, 3℄. The new methods do not require body-�ttedmeshes. Non-homogeneous jump onditions are removed by a knownfuntion that has the same jump onditions as that of the solution via alevel set funtion. The new approahes provide a seond order disretedelta funtion for ellipti and elasti interfae problems. The resultshave been published in SIAM Numer. Anal. [3℄.� In the past, we derived jump onditions for the Stokes and Navier-Stokes equations with ontinuous visosity [7, 8℄. We have derived thejump onditions for disontinuous visosity reently using the idea of1



the immersed interfae method in [11℄. We also developed the immersedinterfae methods for various problems inluding new approah to dealwith pressure jump onditions [13℄, the Stokes ows with disontinu-ous visosity [10, 18℄, biharmoni equations on irregular domains [1℄,inompressible Navier-Stokes equations on �xed irregular domains [10℄with appliation to ow past �xed obstales.� In the appliation to problems in mathematial biology, our immersed-interfae/level set method applied to the biologial problem of foresreating branhing morphogenesis shows that ontratility of the mes-enhyme is indeed suÆient to reate a realisti left in a branhingembryoni rudiment of a glandular organ. This is quite possibly the�rst simulation ever to realistially model the fores in branhing mor-phogenesis, [15℄.� We have some detailed analysis for a mixed ellipti and hyperbolisystem for modeling tissue deformation [6℄.With partial support of the ARO grant, we have published about 15journal papers [5, 13, 10, 3, 11, 18, 1, 15, 14, 6, 4, 20, 12, 16, 19, 17℄,and one book [9℄ in the last three years.3 Other ontributionsPlease see the list of publiations of and other reported information in theon-line form of the �nal report.In a summary, we are able to aomplish almost all the projetive in ouroriginal proposal and more. Furthermore, the ARO grant really helped us toget our researh projets going and move to new researh areas. We reallyappreiate ARO for the support.
2
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